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FOREWORD 

The fol lowing t a b l e  summarizes t h e  consumables requirements f o r  
t h e  Apollo 10  miss ion ,  May 18 launch. 
usage only and do not include d ispers ions  and cont ingencies .  

Percentages r e f e r  t o  nominal 

Consumable 

CM RCS 

SM RCS 

SPS 

LM RCS 

DPS 

APS through rendezvous' 

CSM O2 

CSM H2 

LM descent  b a t t e r y  

LM ascent  b a t t e r y  

LM ascent  H20 

LM descent  H 2 0  

LM ascent  O2 

LM descent  O2 

'ercentage of a v a i l a b l e  consumable 
used f o r  mission planning 

1 5  

73 

92 

59 

6 

8 

62 

73 

27 

71 

59 

21 

31 

8 

?From rendezvous through the dep le t ion  burn,  t h e  remaining 925 
p rope l l an t  i s  used. 

The r e s u l t s  were obtained from d e t a i l e d  consumables ana lyses  per- 
formed on t h e  Apollo 1 0  systems and inc lude  Apollo 8 and 9 p o s t f l i g h t  

iii 



d a t a  as well as Apollo 1 0  s imulat ion d a t a .  
consumables weight l o s s  i s  a l s o  presented.  Consumables f o r  a l l  systems 
anlayzed have adequate margins t o  complete t h e  nominal mission.  

A t i m e  h i s t o r y  of t o t a l  

The p r i n c i p a l  sources of d a t a  were t h e  d a t a  books ( r e f s .  1, 2, 
and 3 ) .  The analyses  were based on t h e  Apollo 10  d r a f t  f i n a l  f l i g h t  
p l an  ( re f .  4 ) .  The o p e r a t i o n a l  procedures descr ibed i n  t h i s  study are 
not intended t o  d e f i n e  mission r u l e s  o r  crew procedures bu t  are merely 
an attempt t o  e s t a b l i s h  an estimate of t h e  consumables requirements.  

Support w a s  obtained from TRW Systems Group, from North American 
Rockwell, from Grumman A i r c r a f t  Engineering Corporation, from t h e  
Apollo Spacecraft  Program O f f i c e ,  and from t h e  Instrumentat ion and 
Electronics  System Divis ion.  

iv 



ABBREVIATIONS 

AGS 

APS 

CDH 

CM 

COAS 

cs I 

CSM 

D B  

DAP 

D O 1  

D P S  

E C S  

EECOM 

EPS 

F.T.P. 

H2 

IMU 

I f c  

I 
SP 

LM 

LO1 

LOS 

abor t  guidance sys tem 

ascent  propulsion system 

cons tan t  d i f f e r e n t i a l  he ight  

command module 

crew o p t i c a l  alinement s i g h t  

concent r ic  sequence i n i t i a t i o n  

command and serv ice  modules 

deadband 

d i g i t a l  au top i lo t  

descent  o r b i t  i n s e r t  ion  

descent  propulsion system 

environment a 1  cont ro l  system 

e l e c t r i c a l ,  environmental, and communications 

e l e c t r i c a l  power system 

f u l l  t h r o t t l e  pos i t ion  

hydrogen 

i n e r t i a l  measurement u n i t  

f u e l  c e l l  current  

s p e c i f i c  impulse 

lunar module 

l u n a r  o r b i t  i n s e r t i o n  

l i n e  of s i g h t  

v 



LPO 

MC C 

M I  

WAD 

MSFN 

NR 

ORDEAL 

O2 

PGNCS 

PTC 

RCS 

REV 

RR 

scs 

SEP 

SLA 

SM 

SPS 

SPS-n 

T ,  D ,  and E 

TE C 

TEI  

TLC 

TLMC 

luna r  parking o r b i t  

midcourse c o r r e c t i o n  

minimum impulse 

Mission Planning and Analysis Divis ion 

Manned Spacefl ight  Network 

North American Rockwell 

o r b i t a l  ra te  d i s p l a y ,  e a r t h  and luna r  

oxygen 

primary guidance and navigat ion c o n t r o l  subsystem 

passive thermal c o n t r o l  

r e a c t i o n  c o n t r o l  system 

r evolut  ion 

rendezvous r ada r  

s t a b i l i z a t i o n  and c o n t r o l  subsystem 

separat ion 

spacec ra f t  /LM adapter  

s e rv i ce  module 

s e r v i c e  propulsion system 

number of t h e  SPS burn; n = 1, . . . , 8 

t r a n s p o s i t i o n ,  docking, and e x t r a c t i o n  

t r a n s e a r t h  coast  

t r a n s e a r t h  i n j e c t i o n  

t r ans luna r  coast  

t r ans luna r  midcourse c o r r e c t i o n  

v i  



. 

TPI 

TPF 

t 

WT 

t e rmina l  phase i n i t i a t i o n  (o f  rendezvous ) 

t e rmina l  phase f i n a l i z a t i o n  (of  rendezvous ) 

time 

weight 

v i  i 
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RCS p rope l l an t  
used, lb I t e m  

Loaded -- 
Trapped 36.4 

Available f o r  mission -- 
planning 

Nominal us age 30.8 

Margin -- t. 

RCS propel lant  
remaining, lb 

245.0 

208.6 

208.6 

177.8 

177.8 

REVISION 1 TO THE 
CONSUMABLES ANALYSIS FOR THE APOLM 10 (MISSION F) 

SPACECRAFT OPERATIONAL TRAJECTORY 

By Martin L.  Alexander, Sam A .  Kamen, Arnold J .  Loyd, 
Samuel 0. Mayfield, Dwight G. Peterson,  

Walter S c o t t ,  Jr., and Richard M.  Swalin 

1.0 THE CM RCS ANALYSIS 

The CM RCS p rope l l an t  d a t a  were t aken  from re fe rence  1. 
d a t a  were taken  from re fe rence  5. 
presented i n  t a b l e  1-1. 

Usage 
The CM RCS p rope l l an t  summary i s  

i 



I 2 

The following ground r u l e s  were used t o  c a l c u l a t e  t h e  SM RCS 
budget.  

1. The f i r s t  and t h i r d  MCC's ( t r ans luna r )  a r e  executed as 
SPS burns with t h e  t h i r d  MCC trimmed with t h e  RCS. 

2. Passive thermal  con t ro l  i s  assumed t o  be i n  t h e  PGNCS 
wide deadband con t ro l  mode and t o  r equ i r e  1 l b / h r ,  compared with 
1 . 1 t o  1.7 l b /h r  requirement on Apollo 8 i n  t h e  SCS con t ro l  mode. 

3. The s i x t h  MCC ( t r a n s e a r t h )  i s  executed as an RCS burn 
of 5 f p s .  

A 

2.0 THE SM RCS ANALYSIS 
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TABLE 2-11.- SM RCS PROPELLANT LOADING AND USAGE SUMMARY 

Item 

a Zxpected loading 

I n i t i a l  outage caused by loading 

nixture  r a t i o a  

r o t a 1  trappeda 

;aging inaccuracy 

Deliverable 

a 

a 

Nominal Usage 

s-IVB 
Lif t -of f  through SPS burn t o  evade 

Remainder of t r a n s l u n a r  period 

LOI-1 t o  undocking 

Undocking through two REVS beyond 

Remainder of l una r  s t a y  t o  TEI 

T E I  through CM/SM separa t ion  

Outage caused by mission duty 
cycle  mixture r a t i o  s h i f t  

docking 

Nominal remaining 

Propel lan t  
r equ i r ed ,  lb 

15.6 

26.4 

80.4 

114.0 
199.5 
116.3 

224.2 
66.3 

141.4 

36.8 

Propel lan t  
remaining, lb 

1342.4 

1220.0 

1106. o 
906 5 
790.2 

566.0 
499.7 
358 3 

321.5 

321 5 

%at. provided by Auxiliary Propulsion and Pyrotechnics Branch of 
Propuls ion and Power. Divis ion.  



t 
TABLE 2-111.- SM RCS PROPELLANT BUDGET 

MISSION F - -  

A r T I T U D C  H O L D  

S P S  BUHN 
B U l L D . U P  - -  -- -- -- - 

, 2 2 0  0 0 

I220 0 
--- 

2 0 7 0 8  

1205.5 
p- 

5205 i 

1 1 9 5 0 6  
_ - - - -  

1 1 4 6 . 3  

1 1 2 U d  - ..__ . 

ll12m4 

1 1 0 8 . 3  
- -- 

1 1 9 7 0 9  

_- _- 

1 1 0 7 . 5  

1 U 7 A  

- 

1 1 0 7 . 1  
--- 

11U. l  



5 

5 . 6  

5 . 7  

5 . 8  

c 

TABLE 2-111 .- 5% RCS PROPELLANT BUDGET - Continued 

5.9 

5 . 9  

5.9 

9 . 2  

_._ 

v . 2  

9 . 2  

- 7 . 2  

- -  
9.2 

9 . 2  

---3- -----t-- .I -.- --- 

- 
9 4 1 6 7 r  4. 1 

J R I E N T  F O R  NAV S I G H T I N G S  
SET 3 

J H I E N T  F O R  N A V  S I G H T I N G S  
2% -- - 

P 5 2  I M U  A L I G N  I 9 4 1 5 0 0  

I 9 4 l * b . i  ~ S J  
M C C I ,  NO ULLAGE, No  T R I M  

I I 

I 



~~ 

9 . 2  

1 2 . 0  

TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
EVENT 

D A M P  S H U T , D O Y U N  T R A N S ~ E N T  

‘52 [ M U  A L I G N  

1 2 . 7  H R S  O F _ - P I T C Y  A N D  Y A W  CPNTROL 

O R I E N T  FOR NAV S I G H T l N C i S  
-- - L E T  2 - -- 

o H l L N T  FOR NAV S l G H T l N L i S  
S E T  3 

O M I E N T  FOR NAV S I G H T I N G S  
SFL- A --- 

O R I E N T  FOR NAY S I G H T I N G S  
S E T  5 

ALLOW F O R  M I N  D B  D U K l N G  S I G H T l N G S  
-- __ 

SXT S T A R  CHECK - - 
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-~ 
TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued I 

E V E N T  

~~ 

DELTA VEL I N O M I W A L L Y  Z E R O  

J H l E N T  F O R  S - B A N D  H E F L L C T I V I T Y  T E S T  

-_---I--- - _ _  -- -- 

O K I E N T  F O R  P T C  

3 A X I S  0 . 2  D E G / S L C  

FLbTABLISH ROLL 
-.- ._ - . I.--I-. - 

P I T C H  AND Y A W  CONTROL 

P i r c n  AND Y A W  C O N T R O L  
- _- -_  - -- - 

P 5 2  ? M U  A L I G N  

/ C  WT 
( L B S )  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued I 

C O R R E C T I O N  NO 
M r i v H  TO BUHN-AIL -- 

7 1  m7 A T T  HOLD O r 5  0k.C D B  

. . .  

4 
- . .. .- 

P C N C S  

D E L  V E L  - N O M  Z t R O  
- -  ___ -- ---- 

O H I E N T  FQR C M H  - 

._ - 

T V  A L L O W A N C E  

- -- t--------- 
7 2 . 1  S t X T A N T  S T A R  C H E C K I N G  - _- 

9 O i . B t  7 4 r  

a 

a 
, 

1 

. 
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i / C  W T  
( L B S )  

9 3 8 3 2 .  

9 3 8 3 1  

9 3 8 3 0 .  

9 3 ~ 2 7 .  
_ _  

7 0 2 ' 1 3 ,  

70203. 

7 0 2 0 2  a 

7 0 2 0 0 4  

7 0 2 0 0  

7 0 1 9 6 1  

7 0 1 9 3 1  

7 0 1 9 0 ,  
- 

1 0 1 9 0  

7 0 1 8 6  
--- 

7 0 1 8 6  

a 

a 
s 

a 

' 1 M t  
H U  1 

7'4.5 

l q . 5  

7 5 1 7  

7 6 . 5  

7 6 . 5  

7 6 . 5  

7 6 . 5  

7 6 . 5  

7 6 . 5  

7 6 . 7  

7 6 . 3  

7 1 . 2  

7 8 . 5  

7 9 . 2  

7 v . i  

TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
EVENT 

- -  - 

U N A R  O R B I T  I N S E R T I O N  BURN 1 

3-AXIS O R I E N T  PGNCS 

A T 1  I TUOE HOLD 

.- 

START T R A N S I E I ~ T  CONTHOL 

- 0 1 1 ~  NO ULLAGE,  NO T R I M  
- - - - - . . . -- 

5TEADY STATE BURN 

T A I L O F F  
_. - 

JAFIP  S H U T  tror'rd T R A N S  I E N 1  

HULL I d 0  D E 6  F O R  C O M M U N I C A T I O N S  

9 0 2 . 4  

9 0 2 . 0  

9 0 0 . 7  

9 0 0 . 7  

900 .1  

9 0 0 . 1  
- - 

8 9 9 . C  

8 Y 7 . 5  

8 9 7 . C  

8 9 3 . t  

a 9 0 . t  

_. .- - 

8 8 7 . ;  
-- 

B a b l  

11830; 

8 8 2 9 '  

iR -  
ICs 
. E F T  
P) 

7 4 .  
- 

7 4 .  

7 4 .  

7 Y .  

7 4 ,  

7 4 .  
- .  

74. 

7 r ( *  
- 

7r( .  

7 3 .  

7 3 .  

7 3 .  
- -  

-73, 

7 2 .  
-- 

2 2 .  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued I 
~ V f i n T  1 

LLAGE - 

2 J E T S  A AND c 

DAMP SHUTDOWN T H A N S l E N T  

1EV 3 A T T I T U D E  d O L 0  
. -- 

____I - - - .  __ 

( O L L  F O R  C Q M H  

*LV 4 A T T I T U D E  HOLD 

i ’LORlENT T O  S L E E P  A T T I T U D E  
- __ -.__-_I__ . - _. - 
REV 5 A T T I T U D E  HOLD 

- 
REV 6 A T T I T U D E  HOLD 

R E V  7 A T T I T U D E ~ t i O L D  



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

t C V  8 ATTITUOL H O L D  ‘ 0  
* 

. 

. 

I 
Y N  1 

Y U . 3  

92.3 

94.3 

9 5 . 5  

96.2 

96.7 

96.7 

97.1 

97.1 

98.; 
- -  

98.; 

98.d 

- - _  

9 8 , .  

9 8  

-- 

98. 

- 

E V E N 1  

. . . - - . 

O R I E N T  FOR SEP R U H N  

69116. 

691  1.3. 

691  l oa  

6 9 1 0 6 t  
- _  

6 9 1 0 3 ,  

6 9 1 0 0 ,  

690Yb 

69097 

69073  

3 8 2 2 2  

3 8 2 1 1  

3 8 2 0 7  
-~ -. 

3 8 2 0 6  

3820’4 
~ - .  

3 8 2 9 3  

r4-RCS 
LEF T 
L B S )  

8 2 7 . 5  

7 8 5 . 5  

775.5 

7 7 0 . 3  

7 6 9 &  

.. 

7 6 7 . 7  



E V E N T  

P L O  MANEUVER ( P I T C H )  
- _ _ _  __ - -  

PLO O R I L N T A T I O N  MANEUVER ( P I T C H ,  
T H 1 r i  T R K G  A T T  P O S T  001 

~ 

H L O H I E N T  P I T C H  AND ROLL F O R  C O M H  
- - .  - _ _ _  - -  - - 

I H I N  T H K G  A l l  POST P H A S I N G  

f”iU O R I E N T  T O  B A C K  UP L H  I N S E R T I O N  
U R N  

H E V  15 A T T  HOLD I N .  HIN OB 



TABLE 2-111.- S M  RCS PROPELLANT BUDGET - Continued 

E V E N T  / c  W T  
(LBS) 

SM- 
ffC:S- 
L E F T  
IQL 

fie* 

57.  IHIENT T O  M C C l  A T T  
---- 

I H I M  T O  T H K G  A f T  
. 

-495 2 5 7 r  

57  . 

3 rl 55.  

- 
55 .  

3 8 1 1 2 0  

381074  

3 8 1 0 5 4  

380904 
~. 

4 5 7 4 9 4  

- -. - 
457204 

__. 

670.1 R t V  16 ATT HOLD I N  M l N  Of3 

M A I N T A I N  B O R E S I G H T  55.. 

~- 
5 4  . - - .. 

EXTRA A L L O C A T I O N  D U R I N G  RENDEZVOUS 
---A ? ?: -- 

CSM A C T I V E  S T A T l O N  KEEP AND D O C K  

2 5 D '  t""" -- 5Lz1 

._ - _ -  

E X T R A  ALLOCATION P O S ~  DOCKING 

____ 
REV I7 ATTITUDE HOLD 4571sc 

__ 457  1 4  O H J E N T  FOR-SEP BURN 
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TABLE 2-111.- SM RCS PROPEZLANT BUDGET - Continued 
EVENT 

I F - T T I S O N  L M  ZFPS 

T V  ALLOJlAElCE 

NL'J 1 8  A T T I T U D E  HOLD 

fttrv 1 9  A T T I T U D E  HOLD 
. - - . - - 

H t v  20 ATTITUDE HOLD 

X C V  21 A T T I T U D E  H O L D  
__ - _- - --- 

MkV 2 4  A T T I T U D E  HOLD 
- __ __ . - - __------ 

R E O H l C N T  P O R  L A N D M A R K S  
3 T I M E S  P E R  R E V  

3 . 0  

--1- 
I 



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued i 
EVENT 

{OLL T O  A C Q U I R E  M S F N  

.(EV 2 5  A T T I T U D E  HOLD 

- __ __  -__. - - _- - _I - -  

REV 25 IMU A L I G N  

ROLL TO A C Q U I R E  MSFN 

REV 2 6  A T T I T U D E  HOLD 
- - _ _ ~ -  _ -  -- 

R E V  26 I M U  4 L I G N  

H L O R I E N T  F O R  LANDMARKS 
_ _  --d T 1 H f S J L K ~ E U  - 

HOLL T o  A C Q U I H E  MSFN 

H t V  27 A T T I T U D E  HOLD 
-___--- .- . -- - _.-- 

HEV 27 I M U  A L I G N  

~. . 

O R I E N T  TO REST A T T I T U D E  

t 
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TABLE 2-111.- SM RCS P R O P E L m T  B m G m  - Continued 

E V E N T  

I 

----t- 

-‘j= 
t 4 9 7 r 5  

4 9 7 . 1  -1- .-- 

I 

L L L  4an 1 5 I I 

a 

e 
- 

a 

4 

. 

a 

a 



. 

TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
E V E N T  

'52 1MU A L I G N  

- 

)kltNT F O R  P T C  

3 A X I S  11.2 D L G / S L C  

iSTAULISH ROLL 

C I S L U N A R  NAV S I G H T I W G S  T O l A L  OF 9 5 
E T S  

A T T  C O N T S O L  

A F 1 I T U I ) E  HOLD 

U R I E N T  F O R  PTC 
r .-._--- 
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TABLE 2-111.- SM R C S  PROPELLANT BUDGET - Continued 

P I T C H  A N D  Y A U  C U Y T H O L  

1’52 1MU A L I G N  

- 
M, 
C S  
ET T * 
35. 

35 . 
35. 

3 5 .  

3 5 .  

311. 

34. 

3 4 .  
-. - 

3 4 .  

3 4 .  

3 4 ,  

3 3 .  

33. 

3 3 .  

32. 

- 

. 
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8 
d 

8 a 0 0 
oc, W 

ya3Jad #6u!6e6 pJeoqu0 

0 

8 
N 

a 
N 

E 

0 
2 

0 
\p 
d 

8 
4 

a 
4 

8 
4 

z 

0 
W 

8 

a 

0 

4 

. 
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. 
": 

-0- 

Y 

8 

0 \D 

8 

a 

0 
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v, 
-n- 

! -  

a 

0 
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3.0 CSM - ACTIVE RESCUE OF LM 

The c r i t i c a l  consumable f o r  a CSM-active rescue of a d i sab led  LM 
i s  t h e  SM RCS prope l l an t .  The rescue s i t u a t i o n  analyzed here  i s  one 
i n  which t h e  CSM must begin rescue with t h e  i n s e r t i o n  burn. The AV re- 

f l e x i b i l i t y  AV a v a i l a b l e  ( s e c t i o n  4.0: The SPS Ana lys i s ) .  
* quired from t h e  SPS (320.5 f p s )  i s  w e l l  w i th in  t h e  900 f p s  mission 

The minimum quan t i ty  of SM RCS prope l l an t  remaining a t  undocking 
f o r  i n i t i a t i o n  of t h e  nominal LM-active rendezvous must be s u f f i c i e n t  
t o  provide f o r  a CSM-active rescue of a nonpropulsive LM and f o r  t h e  
t r a n s e a r t h  phase of t h e  mission. Two rescue s i t u a t i o n s  a r e  considered 
h e r e .  

1. The LM i s  unable t o  perform i n s e r t i o n ,  CSI,  CDH, and TPI, but 
t h e  malfunction does not preclude use of t h e  LM RCS f o r  t h e  braking 
phase.  

2 .  Same as above, but  t h e  LM i s  a l s o  unable t o  perform t h e  braking. 

Based on an a p p r a i s a l  of t h e  l i k e l i h o o d  of va r ious  f a i l u r e  modes, 
it i s  f e l t  t h a t  case I1 i s  unduly conservat ive,  and it has been recom- 
mended t h a t  case I be t h e  r e d l i n e  requirement f o r  t h e  decis ion of 
whether o r  not t o  commit t o  t h e  rendezvous. Case I1 i s  included f o r  
r e fe rence  purposes. 

The p rope l l an t  budget f o r  the CSM support of t h e  nominal LM-active 
rendezvous has been increased considerably over t h e  budget of r e fe rence  6.  
This  i nc rease  r e f l e c t s  Apollo 9 p o s t f l i g h t  r e s u l t s  and Apollo 1 0  
s imulator  da t a .  
a b l e  f o r  t hose  a c t i v i t i e s  common t o  t h e  nominal CSM support of t h e  
LM-active rendezvous and t h e  CSM-active rescue.  

If a CSM rescue occurs ,  t h i s  p rope l l an t  would be ava i l -  

Above t h e  nominal rendezvous usage, t h e  p rope l l an t  q u a n t i t i e s  
l i s t e d  i n  t a b l e  3-1 f o r  case I must be reserved for t h e  rescue s i t u a t i o n .  
Because t h e  t o t a l  a l l o c a t i o n  f o r  t h e  nominal CSM support of t h e  LM-active 
rendezvous i s  161.3 pounds ( t a b l e  2-111, undock through dock) with an 
e x t r a  a l l o c a t i o n  f o r  t h e  rescue of 190.2 pounds ( t a b l e  3-1, case I), 
t h e  t o t a l  p rope l l an t  a v a i l a b l e  f o r  t h e  rescue renciezvuus Is 351.5 pounds 
( o f  which 161.3 l b  a r e  included i n  t h e  nominal budget) with t h e  LM doing 
t h e  braking. 

The minimum SM RCS propel lant  requirements f o r  rescue and safe re- 
t u r n  are summarized i n  t a b l e s  3-11 and 3-111. Case I i s  recommended t o  
e s t a b l i s h  a mission r e d l i n e .  It i s  based on a rescue t h a t  includes 
LM-active braking followed by an immediate r e t u r n  t o  e a r t h  ( d e l e t i n g  sub- 
sequent lunar  o r b i t  a c t i v i t i e s  and nonessen t i a l  t r a n s e a r t h  TV a l l o c a t i o n s ) .  
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Case I1 shows the margin f o r  t h e  LM-active braking followed by comple- 
t i o n  of t h e  nominal mission. Case I11 i s  based on t h e  CSM braking with 
immediate r e tu rn .  Case IV shows t h e  CSM braking completion of t h e  
nominal mission. A s  shown i n  t a b l e  3-111, a l l  but  case IV show a posi-  
t i v e  margin a t  undock. 
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TABLE 3-1.- CSM ACTIVE RESCUE OF NONPROPULSIVE LM, 
SM RCS USAGE ABOVE NOMINAL CSM SUPPORT OF 

LM-ACTIVE RENDEZVOUS 

RCS usage for SPS i n s e r t i o n  burn 

Ullage,  four j e t s  , 10  sec p lus  
2 sec overlap 

ivloment c o n t r  01 

RCS usage f o r  SPS CSI 

Ullage 
Moment c o n t r o l  

Tr im" 

RCS usage for SPS CDH 

Ullage 
Moment c o n t r  ol 

T r i m  a 

RCS usage f o r  SPS TPI 

Ullage 
Moment c o n t r o l  

T r i m  a 

Subt o t  a1 

Braking 

M C C ' s  and LOS con t ro l  b 

Mixture r a t i o  allowance 

Tot a1 

a Reference 7. 
bRef erence 8. 

' ropel lant  used 
f o r  Case I 

(LM b r a k i n g ) ,  
l b  

17.3 
2.0 

17.3 
2.0 

10.4 

17.3 
2.0 

13.0 

17.3 
2.0 

10.4 

111.0 

69.2 

10.0 

190.2 

Prope l l an t  used 
for Case I1 

(CSM b r a k i n g ) ,  
lb 

Same as 
case I 

Same as 
case I 

Same as 
case I 

Same as 
case I 

111.0 

150 

69.2 

10.0 

340.2 
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Case 
no. 

I 

I1 

I11 

IV 

TABLE 3-11.- MINIMUM SM RCS PROPELLANT 

REQUIRED FOR RESCUE AND RETURN 

[Case I, LM braking] 

Active vehicle Mission activities Propellant margin 
for braking post-rendezvous at undock, lb 

LM Immediate return 209.0 

LM Nominal mission 130.7 

CSM Immediate return 59.0 

CSM Nominal mission -19 3 

TABLE 3-111.- SM RCS MARGIN AT UNDOCKING 

WITH CSM-ACTIVE RESCUE 
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4.0 THE SPS ANALYSIS 

The budget presented i n  t a b l e  4-1 i s  f o r  a May 18 launch, 72' 
launch aximuth, f i r s t  opportunity i n j e c t i o n ,  and f a s t  e a r t h  r e t u r n .  The 
assumptions used t o  prepare t h i s  budget a r e  presented i n  t a b l e  4-11. 
Engine performance c h a r a c t e r i s t i c s  a r e  taken from re fe rence  1, and t h e  
AV requirements a r e  taken from reference 9. 

Note t h a t  t h e  mission f l e x i b i l i t y  AV of 900 f p s  has been used i n  
add i t ion  t o  t h e  f a s t  r e t u r n .  
t h a t  a slower r e t u r n  would be performed i f  t h e  900 f p s  had been used 
p r i o r  t o  T E I  ( e . g . ,  f o r  LM r e scue ) .  Hence, t h e  margin of 762 pounds 
shown i n  table  4-1 assumes both a fast  r e t u r n  and use of t h e  900 f p s  
contingency AV. 

I n  r ea l  t i m e ,  however, it i s  h igh ly  l i k e l y  
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TABLE 4-1.- SPS PROPELLANT SUMMARY 

Item 
~ ~~~ 

h a d e d a  

Trapped and unavai lable  

Outage 

TJfibalance meter bias  

Arai1ai;le f o r  AV 

Required f o r  AV 

a 

TLMC (120 f p s T  

101-1 (2978.35 f p s )  

LOI-2 (138.5 f p s )  

TEI'( 3622.3 fps )  

Iiominal remaining 

Mission f l e x i b i l i t y  AV (900 f p s )  

Dispersions ( -  p )  
Prope l l an t  margin 

P rope l l an t  
r equ i r ed ,  l b  
~- 

-- 
441.4 
78.5 
100.0 
-- 

1139.7 
23650.8 
952.9 

11101.4 

2234.1 
348.4 

Prope l l an t  
remaining, lb 

40 808.7 
40 367.3 
40 288.8 
40 188.8 
40 188.8 

39 049.1 
15 398.3 

3 i44.G 
3 3 4 . c  
1 1iy.p 

761.5 
761.5 

14 41+?.4 

b Includes 19.7 f p s  f o r  evasive burn and 57.0 f p s  f o r  nominal MCC-1.  

Approximately 9100 lb a r e  r equ i r ed  f o r  1-day later r e t u r n .  C 
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TABLE 4-11.- ASSUMPTIONS FOR THE SPS ANALYSIS 

1. Launch was on May 18, 1969 at a 72O launch azimuth with a 
f i r s t  opportuni ty  i n j e c t i o n  and a f a s t  e a r t h  r e t u r n .  

2. Each SPS engine start  used 14 .4  l b  of p rope l l an t  i n  non- 
propuls ive l o s s e s .  

3. Spacecraf t  weight : 

CM,  l b  . . . . . . . . . . . . . . . . . . . . . .  12 276.8 

SM, l b  . . . . . . . . . . . . . . . . . . . . . .  10 641.8 

SLA r i n g ,  lb . . . . . . . . . . . . . . . . . . .  98.0 

Tanked SPS, l b  . . . . . . . . . . . . . . . . . .  40 606.4 

LM (unmanned), l b .  . . . . . . . . . . . . . . . .  30 848.8 

Spacecraf t  at TLC, l b .  . . . . . . . . . . . . . . .  94 471.8 

4. SM RCS, EPS, and ECS weight l o s s e s  

Mission Period 

L i f t -o f f  t o  evasive maneuver. . . . . . . . . . . . . .  97.9 

Evasive maneuver t o  MCC-1 . . . . . . . . . . . . . . .  53.4 

MCC-1to LOI-1.  . . . . . . . . . . . . . . . . . . . .  404.8 

LOI-1to LOI-2. . . . . . . . . . . . . . . . . . . . .  26.3 

L O I - 2 t o T E I .  . . . . . . . . . . . . . . . . . . . . .  231.8 

5 .  CM equipment j e t t i s o n e d  with t h e  ascent  s t age  i n  luna r  o r b i t  
w a s  193.4 lb. 



5.0 THE LM RCS PROPELLANT ANALYSIS 

w 

1. Data for t h e  LM RCS p rope l l an t  requirements were 
obtained from r e fe rence  2 .  

2. A l l  o r i e n t a t i o n  maneuvers were assumed t o  be made a t  
2.0 deg/sec.  

3. All o r i e n t a t i o n  maneuvers were assumed t o  be three-axis  
maneuvers. 

4.  Line of s i g h t  with t h e  CSM w a s  assumed t o  be maintained 
i n  t h e  AGS minimum impulse mode. 

TABLE 5-11.- LM RCS PROPELLANT SUMMARY 

D e s c r i p t i o n  

Loaded 

Trapped 

Gaging inaccuracy and loading t o l e r a n c e  

Mixture r a t i o  unce r t a in ty  

Usable 

Nominal m i s s i o n  requirement 

1 Nominal remaining 
I 

Propel  
Required 

40.6 

39.5 

17.0 

318.2 

m t ,  lb - 
R emai n ing  

633.0 

535.9 

217.7 
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TABLE 5-111.- ONBOARD READING OF RCS PROPELLANT REMAINING 

Event 

POS t -DO1 

Pos tphasing 

P o s t i n s e r t i o n  

Post-CSI 

Post-CDH 

PO s t -TPI 

Postbraking 

Post doc king 

Percentage of propel lant  
remaining i n  system A 

96 

93 

85 

79 

75 

69 

54 

51 

Percentage of p r o p e l l a n t  
remaining i n  system B 

94 

a9 

a2 

75 

71 

65 

51 

47 
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TABLE 5-1V.- LM RCS PROPELLANT BUDGET 

T I M E  E V F N T  T I T L E  
Ht?S M 

S / C  WT LCI L M  L P  
( L a s )  R C S  R C S  R C S  

U S E D  L E F T  L E F T  
( L B S I  ( L S S )  ( E )  

C 0 OUTPUT P R O P E L L A b ! T  L O A D I N G S  31 321. 00 633.0 109. 

97 1 5  R C S  HOT F I R E  31.252. 5.C h7R.O 9 9 .  

5@ 1s U N D O C K I N G  31252. .C 628.0 9:. 

S @  1 5  M k V Q  F O R  I N S P  A K O  FOR F L Y  

58 45 R R  L O C K  ON C H E C K  

9 6  5 C  I P U  R E A L I G N  S T A K  1 

$ e  50 I M U  R E A L I G N  S T A R  2 

C E  5 0  I P U  REAL1Gr . I  S T A R  3 

9 9  27 MNVR T O  BURP4 A T T I T U D E  

99  2 7  A T T I T U D E  H O L D  

‘?q 3 3  2 J E T  U L L A G E  

9s 33 DESCEFJT O R B I T  I N S E R T .  B U X N  

9 9  33 MGPENT C O N T R O L  

CjC; 3 3  A T T I T U D E  H O L D  

C S  35 R R  LOCK O N  

95 35 M A I N T A I N  R P  T R A C K I N G  

1OC 0 P I T C H  DO&: 9G DEG.  

1 C O  0 Y A H  L E F T  180 DEG. 

lOG 0 Y A Y  R I G H T  1P.C DEG. 

100 3 5  P I T C H  DUWN 9C DEG. 

1OC 40 NNVR T O  B U R N  A T T I U T O E  

I n o  40 ATTITUDE HOLO 

1 C O  4 6  2 J E T  U L L 4 G E  

1CCI 4 5  DPS P H A S I N G  B 9 R N  

1CG 41. HOKENT C O N T R O L  

31229. 

31225. 

31221 

31217. 

3131.3, 

3\20?. 

31309. 

312C3. 

30$75. 

39946. 

30968. 

303 64. 

30962. 

3 3 3 6 n .  

3 0 5 5 9 .  

30957. 

30957. 

30353. 

30 3 53. 

30947. 

33329. 

3C3i5. 

1O.C 616.0 

3.9 614.1 

3.q 610.1 

3.9 605.2 

3.3 602 .3  

3.s 598.4 

05 507.9 

5 0 s  532.0 

* o  593.0 

7.C 565.0 

05; 5 8 4 . 5  

3.9 580.6 

1.4 579.2 

? . O H  577.L 

1.5 575.9 

1.5 574.4 

e 5  573.9 

3.9 570.0 

0 5  569.5 

5.9 563.6 

.O 563.6 

1.5 562.1 

93. 

a7 . 
55. 

36. 

95. 

95. 

96. 

c 4 .  

c4. 

9 2 .  

9 2 .  

s2. 

9 2 .  

01 . 
9 1  . 
?! . 
91 . L 

90 . 
90. 

89 . 
89 . 
8Q 



TABLE 5-IV.- h4 RCS PROPELLANT BUDGET - Continued 
T I M E  E V E N T  T I T L E  S / C  h‘T L ?  L 1’ L P  

HKS M ( L B S )  R C S  RiS RCS 

( L B S I  ( L O S )  ( & I  
U S E D  L E F T  L E F T  

1(*0 46 A T T  i T U D E  H!!LD 3 0 3 1 4 .  .5 56.’.c: 93. 

lGO 4 5  P I T C H  3 0 3 1 1 .  1 . R  550.3 83. 

1 C O  5 C  R K  LCCK ON 3 0 3 0 7 .  3.5, 5 5 4 . 5  5 6 .  

1(‘r’ 5 G  H A I N T A I I J  F R  T k A C K I N G  33306. 07 553.9 87 .  

1 C 1  0 I b l U  P E J L I G F I  S T A P  1 3 0 3 0 2 .  3.5 549.9 8 7 .  

1G! 0 I M U  R E A L I G N  S T A R  2 3G249.  3 . 0  5 4 6 . 1  86. 

ZC!. C C O A S  C A L I B P A T I O K  3 0 2 9 5 .  3.8 542.2  8 6 .  

13 R R  L O C K  ON 30291. 3.5 538.4 3 5 .  

IC!, 10 M A I N T A I N  F R  T D A C K I N G  3 0 2 8 9 .  2.0 536.3 85. 

192 10 R R  L O C K  C N  

102 1 C  M A ! N T A I t J  R R  T R A C K I N G  

102 3 3  G R I E N T  FUK S T A G I N G  

1 0 2  3 3  S T A G I N G  

10.2 33  S T A P T  S T A G I N G  

1 C Z  1 3  C O X P L E T E  S T A G I N G  

1 0 2  3 7  NNVR TO BU%N A T T I T U D E  

3 0 2 8 5 .  3.8 5 3 2 . 5  8 4 .  

3 0 1 3 4 .  I./+ 531.1 8 4 .  

30250. 3 . 3  527.3 a3. 

8378. .C 527.3 83. 

8 3 7 7 .  1.9 5 2 5 . 4  93 .  

8 3 7 5 .  1.Q 5 2 3 . 6  83. 

8 3 7 4 .  . Q  522.7 53. 

8372. 2.2 

8 3 5 9 .  2.8 

n l c ? ,  e 9  

8196. 09 

8195. 1.1 

9193. 1.0 

8 1 9 3 .  0 3  

81 93.  02 

520.5 82. 

517.7 82. 

51h:A 8 - z  

515.9 82. 

5 1 4 . 8  81. 

513.7 8 1 - e  

513.1. 81. 

513.2 n i .  



341 

TABLE 5-1V.- LM RCS PROPELLANT BUDGET - Continued 
T I V E  E V E N T  T I T L E  S / C  WT L Y  LtJ LW 

HRS F1 ( L B S 1  RCS R c S  R C S  
U S E D  L E F T  L E F T  

IC2 4 3  A T T I T U D E  H Q L D  

162 5 0  IMU R E A L I G N  STAR 1 

lC? 5 0  Ib’g R E A L I G N  STAR 2 

1C2 SO I M U  R E A L I G N  STAR 3 

1 0 3  G RR LOCK ON 

If3 0 M A I N T A I N  RR T R A C K I N G  

103 27 Y N V H  TO BURN ATTITUDE 

IC3 27 A T T I T U D E  H G L D  

I C 3  3 3  CSI R C S  BURN 

103 3 3  A T T I T U D E  HOLD 

103 3 7  KG LOCK ON 

1 P 3  3 7  M A I N T A I N  RR T R A C K I N G  

1 0 4  1 P L A N E  CHANGE 

1 0 4  5 M A I N T A I N  R R  T R A C K I N G  

1G4 2 5  PlNVR TO BURN A T T I T U D E  

1 0 4  2 5  ATTITUClE  H O L D  

1 0 4  3 1  CCH +Z BURN 

1C4 3) 

1 0 4  3 5  

IC5 9 

105 q 

105 12 

1 0 5  1 2  

1. c 5 4 c 

105 40 

A T T  I T U D €  H O L D  

M A I N T A I N  L O S  

T P I  RCS aURN 

A T T I T U D E  HClLD 

O R I E N T  TO A T T I T U D E  

M A I N T A I N  L f l S  

M C C  A 4 0  € M A K I N G  

A T T  I TUOE H G L D  

81 as. 08 505.2 80. 

81 88. e 8  508.3 80. 

8180.  0 8  499.5 7 9 .  

8 1  79. . Q  499.0 7 9 .  

8133. 14.2 484.7 7 7 .  

8 1 3 1 .  2.7 482.4 7 6 .  

8 1 1 1 .  e 8  462.7 7 3 .  

8109. 2.2 463.5 ’ 7 3 .  

8205. 3.4 457.1 7 2 .  

8 1 0 3 .  2.4 454.7 72. 

8095. 8.0 446.7 7 h -  

8 0 7 0 .  24.7 422 .9  6 7 .  

8068. 2 . 4  415.7 66. 

8 0 6 7 .  08 418.8 6 6 .  

9 0 6 3 .  4.6 4 1 4 . 3  0 5 0  

8013. 49.1 365.1 58. 

8 0 1 1 .  2.4 362.8 5 7 0  
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TABLE 5-1V.- LM RCS PROPELLANT BUDGET - Concluded 
E V E N T  T I T L E  s / c  w 1  

( L B S  1 

L 

1 C 5  40 4 T T I T U D E  M N V R S  AND LCS C C N T R O L  7985. 

1C5 55 FOR F L Y I N G  7973. 

106 7 9  L N  C t l h T R O L  DURING C S P  A C T I V E  0 7953. 
O C K .  

I C ?  C T R A N S F E R  EQP TO L Y  8 2 4 3 .  

107 13 U N D O C K I N G  7778. 

lC.8 39 A P S  R U R N  T O  DEPLE. 5 4 7 5 .  

LM LF1 LM 
R C S  RCS RCS 
USED L E F T  L E F T  

( L B S )  ( L B S )  ( C )  

26.G 3 3 5 . 0  53. 

i2 .c  324.8  51. 

10.3 314.8 50. 

.Q 314.8 50. 

00 3 1 4 . 8  5 0 .  
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1. Mixture r a t i o  = 1.597 t 0.0141 ( r e f .  10). 

2. Propel lan t  cos t  f o r  engine and valve opera t ion  i s  8.6 l b  
per  engine start .  

3. Buildup and t a i l o f f  cost i s  19.15 l b  of propel lan t  per  burn. 

4 .  Propel lan t  flow r a t e s  f o r  var ious t h r o t t l e  s e t t i n g s  were 
taken from reference  2. 

6.0 THE DPS ANALYSIS 

r 

TABLE 6-11.- DPS PROPELLANT SUMMARY 

Loadeda 

a Trapped 

30 outage 

Available f o r  AV 

b Required f o r  AV 

DOI, 71.1 f p s ,  29.9 seeC 

Phasing, 195.6 f p s ,  45.3 sec 
a 

Propel lant  margin 

aReference 3. 

Propel lant  
requi red ,  l b  

198.2 

125.2 

308.2 

767.8 

Propel lant  
remaining, lb 

18 264.2 

18 066.0 

17 940.8 

17 940.8 

17 632.6 

16 864.8 

16 864.8 

bIncludes nonpropulsive usage and bu i ldup / t a i lo f f  usage. 

15  seconds at  10% t h r u s t  and 14.9 seconds a t  40% t h r u s t .  C 

‘26 seconds at  10% t h r u s t  and 19.3 seconds a t  F.T.P. 



7.0 THE APS ANALYSIS 

The assumptions f o r  t h e  APS ana lys is  are presented i n  t a b l e  7-1. 
The APS propel lan t  budget i s  presented i n  t a b l e  7-11. The da ta  f o r  
usable propel lant  were taken from reference 3 and assume a 50 percent 
APS propellant loading. 
connect f o r  22 seconds. 
i s  a zero AF'S propel lan t  margin. 

The CSI w a s  performed with RCS/APS in t e r -  
Because of t h e  APS burn t o  deple t ion ,  t h e r e  

TABLE 7-1.- ASSUMPTIONS FOR THE APS ANALYSIS 

1. I = 308.5 f 3.6 seconds ( re f .  2 ) .  

2.  

3. 

4 .  

SP 
AF'S propel lan t  tanks a re  50% loaded. 

Ascent s tage a t  e a r t h  l i f t -o f f  weighs 7959 l b  (unmanned). 

LM RCS and ascent s tage  EECOM weight loss  i s  122.6 l b  
p r i o r  t o  in se r t ion .  

5 .  Mixture r a t i o  = 1.587 * 0.018 ( r e f .  2 ) .  

6. Engine and valve operat ion uses 3.6 lb of propel lan t  per  
APS burn. 

TABLE 7-11.- APS PROPELLANT SUMMARY 

Item 

Loaded' 

Trap p e d 

Available f o r  AV 

Required f o r  AV 

b 

Inser t ion ,  206.9 f p s ,  15 .4  sec 

CSI, 50.3 f p s ,  22 sec through 
interconnect 

Burn t o  deplet ion 

ProDellant marain 

Propel lant  
requi red ,  l b  

48.9 

174.8 

32.3 

2375 * 7 

Propel lant  
remaining , l b  

2631.7 

2582.8 

2582.8 

2408.0 

2375.7 

0 

0 

&Reference 3. 

bDoes not include trapped i n  feed l i n e s  and heat  exchanger, which 
i s  considered usable f o r  deplet ion burn. 
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8.0 THE CSM EPS ANALYSIS 

. 

The power l e v e l s  of each component were obta ined  from re fe rence  1; 
t h e  cryogenic loading d a t a  were obtained from re fe rence  3. Cislunar 
h e a t e r  c y c l i c  rates were used for  TLC and TEC. 

The EPS p r o f i l e  presented  i n  f i g u r e  8-1 i n d i c a t e s  t h a t  no s e r i o u s  
problems e x i s t .  Because t h e  May 18 mission i s  only  192 hours ,  t h e r e  
are ample cryogenics  ( f i g s .  8-2 and 8-3) f o r  mission completion. 
However, a worst case  tank  f a i l u r e  could occur at T E I  minus 18 hours 
(REV 24) which would inc rease  the  t i m e  on one t ank .  
mined t o  be t h e  worst  case  p o i n t  because a t  t h i s  po in t  t h e r e  i s  not 
enough SPS AV a v a i l a b l e  t o  r e t u r n  t o  e a r t h  ear l ier  than  t h e  nominal 
192 hours and s t i l l  l and  i n  t h e  primary landing  a rea .  Therefore ,  a 
nominal power-down of t h e  spacecraf t  t o  55 amperes f o r  TEC in su res  a 
safe r e t u r n  t o  e a r t h .  The t o t a l  DC energy accumulated throughout t h e  
mission i s  presented  i n  f i g u r e  8-4. 
p resented  i n  f i g u r e  8-5 and ind ica t e s  t h a t  no vo l t age  l i m i t s  are vio- 
l a t e d .  

REV 24 w a s  de te r -  

The CM bus vo l t age  p r o f i l e  i s  

The metabolic 0 requirements were a l t e r e d  t o  0.197 l ' t / h r ,  r a t h e r  

This 
2 

t han  0.23 l b / h r ,  based on p o s t f l i g h t  ana lyses  of  Apollo 7 and 8. 
a l t e r a t i o n  corresponds t o  approximately 400 Btu/hr as compared with 
467 Btu/hr.  

The 45 A-h r a t i n g  mentioned i n  assumption 3 a l s o  w a s  based on 
p o s t f l i g h t  t e s t i n g  of t h e  e n t r y  and pos t landing  bat ter ies .  
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a-I.- ASSUMPTIONS FOR THE CSM EPS ANALYSIS 

-- --- _-- - 
I .  

inv ei4,ere . The system was assumed t o  op?i.atc w i t h  t h r e e  f u e l  c e l l s  an3 t t ~ o  

2 .  I?lc fue l  cel1.s were puy:erl eve2-y 900 A-h. 

3. Three en t ry  and post land in;: b ~ t , i . e ~ i e s  were con:;idc.rcd a v a i l a i ) l e  
t o  supply t?!e t o t a l  spacec ra f t  power r?qiiired f o r  e n t r y ,  parachute ckscent  
a id  post la lid in^ time. 
u n t i l  splashdown, c t  which time the capac i ty  was uprated t o  45 A-h. 

Each batt .ery was assumed t o  havc a 40 A-11 capac i ty  

4. Two b a t t e r i e s  were cons-idered t o  be i n  p a r a l l e l  with the f u e l  
ce l l s  during ascent and f o r  each SPS rrianeuver. 

5 .  
6. 
‘ I .  

8. SPS evasive maneuvcr all(] t i ; o  SPS niidcourse correct, io!x were 

No cqo,genic v e n t h g  W R S  assutxcd. 

?%e F:PZ hydrogen consuniption ra te  ( l b / h r )  = 0.@0?57 X Ifc. 

The EPS oxygen consumptj.nii r a t e  ( Ib /h r )  = 7.3j6 X k,. 
L 

as suificd . 
3. 

10. 
c ryo::cn i c  reqiiirenient s . 

Six  battx iy cbharges were a:;suc.cti: 

Five percent  t u i c e r t ~ i ~ i t y  in t he  EPS p r o f i l e  i s  included i n  the  

t h r e e  on battciy A and t h r e e  
o:i bst te l -y  13. 

. 
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TABLE 8-11.- CRYOGENIC SUMMARY 

Description 

Loaded (two tanks) 

Res idual 

Ins trunent at ion error 

Available for mission planning 

Prelaunch requirements 

t minus 28 hr to t minus 12 hr at load 
of 10.8 amperes 

Vent allowance (H = 0.055 l b / h r )  , 2 (02 = 0.65 l b / h r )  

of 60 amperes 
t minus 12 hr to t minus 9 hr at load 

t minus 9 hr to t minus 2 hr (includes 
6 hr hold) at load of 45 amperes 

Crew ingress at t minus 3 hr (0.196 l b / h r )  

t minus 2 hr at 75 amperes 

Mission requirements 

EPS 

ECS (includes CSM LM requirements) 

Uncertainties 

5% uncertainty in EPS 

Launch window 4.5 hr 

Margin 

(equired 

2.32 

1.53 

.45 

.88 

.46 

1.50 

-- 

.39 

36.12 

-- 

i.6i 

-87 

-- 

3emaining 

58.60 

56.28 

54.75 

54.75 

54.30 

53.42 

52.96 

51.46 

-- 

51 - 07 

14.95 

-- 

7 - l  7 1 .  
J.3 .L-  

12.27 

12.27 

Xequired 

13.0 

17.5 

3.59 

10.40 

3.67 

11.93 

.59 

3.06 

260.86 

95.62 

113 nr) L2. "L 

7.80 

-- 

Remaining 

660.20 

647.20 

629.70 

629.70 

626.11 

615.71 

612.04 

600.11 

599.52 

596.46 

335.60 

239.98 

226.36 

219.16 

219.16 
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9.0 THE CSM ECS ANALYSIS 

TABLE 9-1.- ASSUMPTIONS USED FOR THE ECS N LYSIS 

1. Average metabolic 0 r a t e  w a s  as fo l lows .  2 

a .  One man, l b / h r .  . . . . . . . .  0.066 

b .  Two men, l b / h r .  . . . . . . . .  0.131 

c .  Three men, l b / h r .  . . . . . . .  0.197 
2. Cabin leakage rate w a s  0 . 1  l b / h r .  

3. Tunnel leakage r a t e  was 0.05 l b / h r .  

4 .  LM leakage r a t e  w a s  0.1 l b / h r .  

5. Waste management vent  flows 0 a t  0.85 l b / h r .  

6 .  

7 .  

2 

H20 t ank  b l eed  r a t e  was  0.032 l b / h r .  

Waste management w a s  0.024 l b / h r  f o r  t h e  f i r s t  96 hour 
w a s  0.051 l b / h r  from 96 hours t o  end of mission.  

nd 

8. Cabin temperature cont ro l  w a s  se t  a t  7O0F. 

9 .  

10. 

11. 

Water produced by t h e  LIOH-C02 r e a c t i o n  w a s  0.108 l b / h r .  

C r e w  water  usage was 18.96 lb/day.  

Water l o s t  by crew mic tu r i t i on  w a s  2.64 lb/day p e r  man. 

12. Waste tank  water w a s  dumped from 85% of f u l l  capac i ty  t o  
25% of f u l l  capac i ty  when t h e  waste tank  quan t i ty  reached 85% of f u l l  
capac i ty  

13.  Water tank  c a p a c i t i e s  were t h e  fol lowing.  

Po tab le ,  l b .  . . . . . . . . . . . .  40 

Waste, l b .  . . . . . . . . . . . . .  60 

Water tank  q u a n t i t i e s  a t  l i f t - o f f  were t h e  fol lowing.  1 4 .  

Po tab le ,  l b .  . . . . . . . . . . . .  21.2 

Waste, l b .  . . . . . . . . . . . . .  45.0 
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TABLE 9-1.- ASSUMPTIONS USED FOR THE ECS ANALYSIS - Continued 

15. The water evaporator  b o i l i n g  e f f i c i e n c y  w a s  100%. 

16. The average g lyco l  flow rate  w a s  approximately 225 l b / h r .  

17. The hea t  loads  of t h e  cold-plated equipment were s p l i t  so  
t h a t  88% of  the hea t  load went t o  t h e  g l y c o l ,  9% w a s  l o s t  through t h e  
s t r u c t u r e ,  and 3% went t o  t h e  cabin.  

18. The hea t  loads  of t h e  noncold-plated equipment were s p l i t  
so  t h a t  50% of t h e  hea t  load  went t o  t h e  cabin and 50% w a s  l o s t  
through t h e  s t r u c t u r e .  

TABLE 9-11.- 

- 

Mission time, hr 

0 - 3.2 

1.2 - 4.5  
4.5 - 8.0 
8.0 - 95.92 
95.92 - 106.4 

107. ( - 192.0 
106.4 - 107.7 

ECS OXYGEN REQUIREMENTS 

Oxygen 
consumption r a t e ,  

l b  /h r  

1.203 

' 503 
1.353 

503 
.215 

-530 
.380 

At,  
hr 

3.2 
1 .3  
3*5 
87.92 
10.48 
1 . 3  
84.3 

. 

Oxygen 
requirements,  

l b  

3.85 
* 65 
4.73 
44.22 
2.25 

69 
32.03 

Ifi and tunne l  p r e s s u r i z a t i o n  a t  3 h r  25 min 

Tunnel p re s su r i za t ion  a t  106.4 h r  

6.9 
- 3  

Tota l  ECS 0 requirement, l b  95.62 2 
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10 .0  THE LM EPS ANALYSIS 

The LM descent  and ascent  s t a g e  b a t t e r y  energy used f o r  t h e  
nominal mission i s  423 A-h and 391 A-h, r e s p e c t i v e l y .  
i n  assumptions 2 ,  3,  and 4 of t a b l e  10-1 i n d i c a t e  t h a t  t h e  descent  
s t a g e  and ascent  s t a g e  have 70 and 28 percent  energy remaining, respec- 
t i v e l y  . 

Unusables def ined  

TABLE 10-1.- ASSUMPTIONS FOR THE LM EPS ANALYSIS 

1. Energy a v a i l a b l e  f o r  t h e  descent  s t a g e  b a t t e r i e s  i s  1600 A-h 
and f o r  t h e  ascent  s t a g e  b a t t e r i e s  i s  592 A-h. 

2 .  Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  a scen t  
s t age  b a t t e r i e s  because of l a c k  of MSFN coverage i s  2 1  A-h and 7 A-h, 
r e s p e c t i v e l y .  

3. Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  ascent  
s t age  b a t t e r i e s  because of te lemet ry  inaccuracy i s  14 A-h and 11 A-h, 
r e s p e c t i v e l y .  

4. Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  a scen t  
s t age  b a t t e r i e s  because of equipment power d i spe r s ions  i s  2 1  A-h and 
20 A-h, r e spec t ive ly .  

5 .  The descent  s t a g e  b a t t e r i e s  would go on t h e  l i n e  a t  l i f t - o f f  
minus 30 minutes with no r ecyc le  on t h e  pad. 
again a t  t r a n s p o s i t i o n  and docking. 

They would go o f f  t h e  l i n e  
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1 1 . 0  THE LM ECS ANALYSIS 

Because of t h e  l a t e  a v a i l a b i l i t y  of a r e v i s e d  t r a j e c t o r y  and updated 
EPS d a t a ,  t h e  ECS a n a l y s i s  shown i n  t h i s  reDort  i s  based on a p r e v i o u s  
f l i g h t  p l a n  and t r a j e c t o r y .  A r e v i s e d  ECS a n a l y s i s  w i l l  be performed 
and documented a s  soon a s  t h e  above i n f o r m a t i o n  i s  a v a i l a b l e .  However, 
t h i s  a n a l y s i s  i s  p r e s e n t e d  h e r e  because it p r o v i d e s  a good e s t i m a t e  of 
t h e  ECS requi rements .  

TABLE 11-1 .- ASSTJMPTIOPJS FOR THE LM ECS ANALYSIS 

1. Cabin 0 leakage  r a t e  was 0 . 1  l b / h r  w h i l e  p r e s s u r i z e d .  2 

2 .  Metabolic r a t e s  were v a r i e d  accord ing  t o  r e f e r e n c e  2 .  

3. Metabolic 0 consumed w a s  (1 .643 x ~ O - ~ )  x ( m e t a b o l i c  r a t e ) .  2 

4. H 0 consumed because of s u b l i m a t o r  c o o l i n g  w a s  ( t o t a l  h e a t  2 
l o a d ,  B t u / h r )  x (H20 x 1/1040, B t u / l b ) .  

5 .  M 0 l o s t  because of m i c t u r i t i o n  w a s  0 .11  lb /hr /man.  2 

6. C a b i n  t empera ture  c o n t r o l  w a s  se t  a t  7 5 O  F. 

7 .  Average g l y c o l  f low r a t e  w a s  250 l b / h r .  

8. IJncer ta inty i n  t h e  water  n r o f i l e  w a s  c a l c u l a t e d  usinp 1 l b / h r .  

9 .  Uncer ta in ty  i n  t h e  oxygen p r o f i l e  w a s  c a l c u l a t e d  as 5"/ of t h e  
r e q u i r e d  0 plus 0 .1  l b / h r  f o r  t h e  u n c e r t a i n t y  i n  t h P  c a b i n  leakage  r a t e  2 
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o,, 11) I!,,(), ; I l l  
'. 

4t3. O('J j-$3.00 

3.110 26.00 

44.60 307 . 00 
67.71) I 3.1,7 

TABLE 11-11.- LM ECS CONSUMABLES SUMMARY 

Usable remainill;: i n  tanks ; h l . 0 5  
I 

,:I64 * '", ._ 

J,oadeti 4 . 8i-, 8 ' j .OO 

[Jnus aiile . ' 4  4 . 20 
Available  f o r  mission 14 .l>' tio . 8C 

'Usable remaillin:: i n  tanks 2.t . ' )  3 5 . 1 :; 
1 .?{ J I i . 1 Eequired for  rriission 
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